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PITTING IN ALUMINUM

19 AUGUST 1977 D D C

STATENEN’f OF THE I’ROBLEM FEB 9 19~

P i t t i n g  and crevice corrosion limit the se rv iceabi li ty  of a l u m i n u m  aiid asome other alloys In many environments in u~~ich they have otherwise good
resistance to corrosion . Our present.  understanding of these ph~ nonei ia  is

~~~~ quite inadec1uatc to gu t d e  control e f for t s  in diagnosis , p r ad i et  ion and al b y
design. 1~ecent work in this laboratory has doi l  t W i t h  electrorr i icr oscopic
an d electroci.iei nicai studies of the na ture  oF the passive state and the question
why and how the passive f il m  on h i gh—pu i i ty  al u~tu j iu: ’I brcaks duwi t  in Llio pi esenee

~~~ of chlo ride and cer~ ain other  ions , wi th some specif ic  a t t e n t i on  to the role of

~~~ grain boundaries.  This report covers a terminal  year in which two projects
were completed to the extent possible.

I. Electronmicroscopic Study of Film Breakdown

Study of film breakdown by e].ectronmicroscop ic observations of the structure
of anodir films reprcnents a different approach and yields significant insi~ hts

____ into 1)reakdown phe noniena. Earlier , extensive work in th is  laboratory was done
at potentials hi gh enough (mainly 7V vs. SCE) to ensure that  the f i lms  war

w not too fr:~g[ie for handling.  This wo~ k h as been ex tended to a lower potc r.t i n !
I and thinne r f i lms  by making a survey of f i lms  forme d in 2. 4M s u l fu r i c  acid

~~~ (wi thout ch lor 4 d e  addit ions ) at 1.0 V vs SCE . This f i l m s  showed breakdo ’.m—
pitting—repair events similar to those observed ear l ier .  The results pr ovida
fu r t h e r  suI .aor ; for th~• v.i aw ;) re sc ’ rl t ad in at r ;t r~~ i ‘r wcirk tlizt t f i l m  bran~: c’ ni

and t r an s i e n t  p t ting — the “It l i crop ’LL t ing  p lIe r ~ — is a cha i- nc  t:er:ic.tic of

~~~~~ the passive s t a t e  in the absence of chloride and thus that this ion is flO~
‘!4 needed to produce breakdown ; its role mus t be the s t ab i l i zat ion  of p it: growth .

These results are signi lican t as a fur ther  :~ ep in the long— term process of
obt a ini n g ne w insigh t s  into  p it t i n g  which  will evaluate the various views now
held and reach an understanding o . mechanisms .

II. Pitting of Al uminum Containing Copper

Copper ii; an ubiquitous al loying element  or impurity in alumintifu and is
known in a general way to (liminish Its corrosion resistance (ap ar t  fr”a Its
association wi th  intergranular corrosion in two—p hase a l l o y s ) . The appr oach
in this study started from the judgmen t t hat  systematic un d e r s t a n d i n g  af th~
rol e o copper in pitting was most lijtciy to be gained by sta r t i n g  wi th low
concentrations in o therwise  high—purity material . That  copper can ha Ve po: at
ef f ects on the rate of pit growth at ppm l evels was demonstrated in t h is  l ab—
oratory sons years  ago in gasvolumetr ic  s tu d i e s  of a u t :o c a t n l yt i c  p i t t i ng  in
hy d roch lo r i c  acid. In this corrodent the  range of pot:ent i:ils c x pe r i r w nt n l ] y
accessible is res t r ic ted  and the present  elect rorh ornical  c :t ud T i ( 5 wer e  m. :k in
7. 1iM s u l fu r i c  acid (as used for the microscopic s tud iec)  w i t h  chior ide  adds t
f rom 0.01 to 1M.
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-2- BEST AVAILABLE ~~~
Poten t i a l  scan experimm showed t h a i  copper had I I LI. Ic  or no effect on

anode po larizat  ion or p it: in i t 1~ Lion at 600 ppm , the high est  coppe r  CO nt ( ’l t
exa~iiined . Further ef fo r ts ~rc conce ntrat ed  on cathode processes. Copper
has a strong i n f l u e n c e  on these becaini e pure  aluminum is a poor catho d a  du a
to the ].ow e lectronic conduct iv i ty  of the passive film , and copper ori g~n a I l y
in solid solution concentra tes  on the sur face y ieldi ng low ove rpot euti .a l  cat1iod~ s
0 copper.  Thi s can cause the corrosion pot en t i a l  in solut ions  coff laining
chloride to risc’ with time to potentials sufficientl y noble for pitting , and
the continued buildup of cathodes causes the rate of p it  growth to rise. The
present work paid particular attention to the t ine  dependence .

1. The change in cathode behav io r w i t h  tinie was demonstrated explicit ly
by waking periodic cathode polarization scans as the corrosion potent ia l  of
a specimen rose with tine .

2. It was shown that  the rise of corrosion potential with  t ime was a
systemat ic  func tion  of copper content , that  the process was accelerated by
chloride , and that the effect was exhibited at very low copper levels. For
examp le , in sul fur ic  acid containing lM Cl , the corrosion po ten t ial  of mat erial
~rith only 1 ppm Cu rose in 125 hours to a potential sufficiently noble for
p i t t i n g  while at 0.1 ppm Cu the potential was st:ill 200 mV lower.

The mech anisms invol ve comp lex questions. The large effects of low
copper content ~; indicate the copper cathodes are formed in me ta l l i c  contact
with  the aluminum (rather  than on the external surface  of the passive f i lm) .
It must then be conc iudr ’d that  i.n the passive st a t e  the ef fect : tve  enl :hodns form
w i t i L i t I  i l i ~ i i  ~~~~~ L L i . i ~ ec~~n L ;  r e f e rr ed  Lu ~a :L i ~~r ~;~j e r c  t h e  m~~La1 SUVI: Icc  is
transiently expoaed .  The e f f ec t  of chloride on cathode  buildup  can be seen
as the resul t of an action to extend the l i f e t imes  of the t rans ien t p i ts , iii

line with the view of its role as the stab 1i:i :~a t io n of p it growt h.  A detailed
scheme for the electrochemical processes involved and their relation to the
niicrotopograph y o f a t ransien t or stable p it has not yet been achieved. How-
ever , a qual i tative framework has been provided for interpret ing the effects
of copper on the passive s t a t e  and pi t t ing.  Apa r t  from insight into xnechaiiisi n s ,
this work is cons~ dc rec1 •imp ortant  for the demonstra t ion of t:he macroscopic
aspects of the e f f e c t  of copper on cathode processes , t hus a l lowing th is  e f f e c t

• to be more readily identi [Led and distinguished f rom other effects on ca thode
• processe~; due to intermetallic constituents in commercial a lun i imni  al loys .
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IS. SUpp . EH~~NT A R Y  MOT ES

The findings in this report are not to be construed as an o ff i c i a l
Pe~)artnen~ of the An~iy position , unless so desi~ nated by other a~ithor i z~~

1~~. K E’~ ,:.ci s ( C .~.P n . .  on ~~~~~~~ ~~~~ If ne~ o~~s..ry n~ d id ’nUIy by ?,1o~ k rzoa.h4r)

Pitting Corrosion
Film Breakdown
Ai.um i n l ’ i l

• Cathode Be1ta~’ior
20. A ‘l,T N .~~.. 1 (C otSn.,., on :ev~ ~.. ~i h .  II  n~ cn.~.nry .~.d hh.otiiy by bi- ~ ; .1.,; p

Obs’rvat i ons  by electron microscopy of tran .-~i~ nt: pitting during  film gun ~th
in th~ passive .;tate were extended to a lower potent [al . ~~~. Elc rt rneh~Nuical
5~ ul1l e -~ in sulfuric a- id of the e f f e c t  on cathode b ch a v i  or of cci;~per con t e n ts
freTi  0. 1 to 600 npm ~: o:,’. d th a t  cathod e polar  i t i ’ s  decreases w i t h  t ime , t h a t
corrr ~~t~ n pot ci t t :i  a l r~i .~c~:; w i t h  t in :  and that t u e  ci lect in ;iccelerat- ed by
d l  to t  i ‘he add i t  ions an’! can he sub :~t .aaL I al even at: 1 Ppm C i .  I t  is proposed tha t
tLe form:i t (.i of ca tho de s of coppe~- d u r i n g  corrosion occurs in t r a n s i~..i~I p11:5.
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